HG et te bh rte pera k Ret ae pom Fait - ie Pa Oy es > hated ee 4 Uh tee whee HD t 
ba bad rine ’ HR Ald Sars hem, ty ed ‘ seit owe nae ne poeta ue er etd ociatay ire re nae 
‘s¢ dete pow eae tiees Tees Hele Say seb. Lita Ste paseese 
vi ¢ hg i! 4 f as i Ur ar a A Saige y 
ype eee peau ri fi vy 4 Been nes fade ogi ape eineeet Bee 
bets int one PRIM Aso dune Mee ee se PA ticnoenetl the ea ones a ese ep eta astra tt 
5 ees nth est WE ee hed i tele: LP Ary re ples og . Hone wien aw $y ee Od ge 

Hk et + Le oe Wt FB oth o ie my - othe Pee ap aia 
é Pyrite 
rf 
ret di 


a Ay f , f ¥ 
ines Wy aes ie i hie M neh be ; i" Ps eb Es 
(a5 Fie ers 
ieee ts pean tiny mare 
\ “i a ‘ i 
a 4 » ; a4 if ’ dR ah A 4 ary rf . Shh i vi Bedok three he 
Pi3: he ie + is 4 . wae 9 rercares ey hogy £0 f r Cet re 4 pene Pouca nt 
+ ha, ‘ om a on et eee ty i “ eee ee ¥ A Conan hey co 
" f 
be sia rears inate i es 
We 4 . 
’ « ’ > # Weta bie ee ee 73 
yeti if (ye Ys Ayn 4 Wt At ' 
+ ies phe teh hod We fib - Chee yn: Teariiie tt of cor af ttt ir stein Ht na 
¢ j ‘ ie) z tie at 


1 ’ re sank at 
Wa ie SEE 


10 Hoe 
Ke ; eoeare i 
i oa Pate LB iti wb it 
Bite anne ae eit aati cee 
4 ; ae Nate? ii cordimnaae ss Rew h ait ne faa wai ‘iis 
r La ae oe 
Mee 


Sate 


meat Writes A be 


Ae hi} nt ’ 
} fea roe ee aa a : j 1 LED 
es een et , Rn ee Mae rere Yn TPP db oe 
‘ Eat Avnet Mae 


ta 3 
“” a A 
Vi Wott f i i Ahab fake f 
ee er) wit ag CE BIA Ke MTC i 4 ‘i rit id 
ie 4% nn ‘ ; is WAL ae Rar hha pane He eis 
. no Ho a 
id 


i 4 ty rt i 
; x 4 Jes. + 9 cap ¥ 1 £ 9 * ne i 
we oF terrae ty ih if f $ oe ‘ 

PROMOTES a uae ACL ALE CL GR EAC Beate vie es 
MEA eae eC iF Rea Pea ig tal ae rT eg f if ee 
Re Gay fy tok af f) Feb wets ge i DACRE 2 . 

A , Te Wid Wor Ay erm tE cae 4 Ahk badd i he har . “ 
Wee Sch dip i vi CRA b de des sh OUP Hotei yhe Me bby i Mr Crh fotob ede ee 
seek rere eas Ve. ve ) (a 4 i 


ena 
iy: Di i 


ike fit % ie a nae Po eel 
a yes af Mind ae ay Vee Has ras Ailend 
ei teh Lf eh te oe sari) ti ih) nates i 490 Veins ree 
i f 5 es Pia i ‘i va oe i iat oe 
ie ed “at xs a i ates j i f} i. ¥ oe fi cs Fig Bar s f' of the eh 
ae ih Pate Pettit, ah at i , oe at mi . 


1, Lhe Wigs Wi it a) ne i eh rbateig 4 
Psi heyy ay 6) os a si ays ii SL Ax iar wey ry teary Iter} BAN j irifaiy es 
va i % i paw e ass Th wri i re GENO) ny Nee ] sak t fA Aiea 
YS RD e fii ' " ; , Ni niga i a { if ‘ yy, if steiner 
TR PEN tt VAY Ma a ’ i f PH Na pat aay Wael Niet easvcdien nae 

wane Aa det bi pain } ri ve 

prit the 


ta 


bead ea a 8) PVRS A AL aK he sci ’ 
rn { Wel Hy A nt a 
vik a my " Wis isk fit , Rana KKH Finis Ce aes ia 
i Mijares sy spi ees AAC LEM AH Mi ele ae ti oe ae t cae 
cis ; Oye ie i ry fie i A 


+ 
i a eat 
‘ ats 7m ais tik 


nie! in 
¢ vet nf i 


} i Te atik kh ate 
\ SOM Py en . a hey 
‘ Pereira eek EN a soli eed het i DP eel A A 
i ve Ke RICH nin i at neki Wb ithe Vege dns vee yeu Wha ed ny vet ae 
ray) y . iF i BE a! ad y 
y ‘ al Ea 
i! 


El 

: 2 ( spin de 
iy h 
ae ana At uae i 


V's 
< 19), 
iy 
Pare a eh 
} 


Bi mae rat on 
io ie it iia 


Wa ie, ) 

bea 
ieee 
ita 


La 
Lt 


* ht 
Ren eae te, 
Ail ot ci 


be 


Winn i 


ein sie “ 
sith 


© A 
Maui ea 
* ene 
ai A my 


mi 


A 


oy Ch 
Ve ot a Aa ; 
{ Fate g i a ? ft ‘ h ot. \ 
aR VV y te a Ues Qt Ms Heo ERS het a aN DRAM et h Vien . SOLO UY 4 Ao ‘ Lh oe 
inh nit 2 Fi , ay pte <4 a ah ri : SN a ¥f ie i ¥ ; eA a Arar i ae ne bt ; “ Aa 3 CNN SNS 
Vack + t » PC ey } “ are way alt vite iy eh otee “4 a pa " i e Adda ya 4 i 
ARRAN YY ro a : 4 \ h , : ae om i mint 
VAY Pye ee 
UE RA BLT Se 
pa tery eye NM 
y art ' 


Sea . 
ry Che ae aan) COE ‘ “ Ny i Lyan 
¢ ri ve i ‘ SO ea a } vy mein ¢ vi ‘4 * NALA 4“ aK anaiye yea 
Ub My Dera en Mate ia RAS Lr EW ANTAS AAA ny , } ees 7 ‘ ROR 
Beha EAC OAs LE Fo Ah soho a Une ya , ye Rhone tibet bts Fah he eae 
4 i rar % t 4 iG eres P ‘ 4 (* , ‘ ints eee 
> 


OLN 


t Lina ERE TAY ber 
Tite: we ona 1 ma ant ony basic ays 
ee iy ewer ys 
\ 


its 
Wi 
Ne ye ais Sar 


eit 
Perera TR ty Wi 
Chk A a Ak ee a 


% ot ad 

a ek Phew aen 
Weenie: bathe 
URS Mian 


YA Le wy aly 
tree ee 
Fey ae ieee 
A ? 


seat ae : ae 


" AA we BAS; y , 
Pease ve * “ es Yy _ oh: * om or fq r shoe Ca 
aahite kt ; a f Raa R 
4 ; f 


Deak vy * wee a wees 
ihe Ve : \ wore 
, ’ 4 ae? ie? Ar 











VOL. 28, NO. 7 


Public 


A JOURNAL 


PUBLISHED BY 
THE BUREAU OF 
PUBLIC ROADS, 
U.S. DEPARTMENT 
OF COMMERCE, 
WASHINGTON 





O F 


APRIL 1955 





HIGHWAY RESEARC H 





Examining portland cement concrete slabs for scaling action 





Factors Affecting Resistance of Portland Cement 


[IN THIS ISSUE 


Concrete to Scaling Action of Thawing Agents. 


NeéwtPoblication {304 Uae eee eee 
Jrafhe Article Postponed: (eng 
Hirratacie 2 acne Baer oc Ss ee ee 
U. S. DEPARTMENT OF COMMERCE 


SINCLAIR WEEKS, Secretary 


BUREAU OF PUBLIC ROADS 
CHARLES D. CURTISS, Commissioner 


143 
158 
158 
158 


Vol. 28, No. 7 


Published Bimonthly 







Edgar A. Stromberg, Editor 





BUREAU OF PUBLIC ROADEM 


Washington 25, D. C. 


DIVISION OFFICES } 


No. 1. 718 National Savings Bank Bldg., Albany 7, . 
Nes ; 
Connecticut, Maine, Massachusetts, New Hamp- 
shire, New Jersey, New York, Rhode Island, 
and Vermont, 


No. 2. 707 Earles Bldg., Hagerstown, Md. 
Delaware, District of Columbia, Maryland, Ohio, | 
Pennsylvania, Virginia, and West Virginia. 


No. 3. 50 Seventh St., N. E., Atlanta 5, Ga. 

Alabama, Florida, Georgia, Mississippi, North | 
Carolina, South Carolina, Tennessee, and Puerto 

Rico. 


No. 4. South Chicago Post Office, Chicago 17, Ill. 
Illinois, Indiana, Kentucky, Michigan, and Wis- 
consin 


No. 5. Federal Office Bldg., Kansas City 6, Mo. 
Iowa, Kansas, Minnesota, Missouri, Nebraska, 
North Dakota, and South Dakota. 


No. 6. 502 U. S. Courthouse, Fort Worth 2, Tex. 
Arkansas, Louisiana, Oklahoma, and Texas. 


No. 7. Old Mint Bldg., San Francisco 3, Calif. d 
Arizona, California, Nevada, and Hawaii. 


No. 8. 753 Morgan Bldg., Portland 8, Oreg. | 
Idaho, Montana, Oregon, Washington, and Alaska. 


No. 9. Denver Federal Center, Bldg. 40, Denver 2 
Colo. 
Colorado, New Mexico, Utah, and Wyoming. 


PuBLic Roaps is sold by the Superintendent of Documents, Govern- 
ment Printing Office, Washington 25, D. C., at $1 per year (foreign 
subscription $1.25) or 20 cents per single copy. Free distribution is 
limited to public officials actually engaged in planning or constructing 
highways, and to instructors of highway engineering. There are no 
vacancies in the free list at present. 


i ae 


The printing of this publication has been approved by the Director 
of the Bureau of the Budget, January 5, 1952. 





Contents of this publication may be re- 
printed. Mention of source is requested. 


; 


| 









































BUREAU OF PUBLIC ROADS 


_ This report is a resume to date of inves- 
_ tigations conducted to test materials and 
_ procedures for protecting concrete pave- 
“ments against scaling and disintegration 
aused by calcium chloride and other thaw- 
ing agents used for ice removal. A labo- 
_ ratory investigation by the Bureau of Public 
oads was started in 1948 on methods of 
| protecting the wearing surface of concrete 
against the action of calcium chloride. 
: J ter a similar study was made of the effect 
Bi outdoor weather conditions on small 
Uatabs placed on the ground. It was found 
‘that resistance to scaling was affected by 
air content, type of air-entraining admix- 
re, surface treatments or coats, admix- 
tures of oils, inhibitors, fly ash as a replace- 
‘ment for portland cement, rate of applica- 
tion of calcium chloride, curing methods, 
thawing agents other than calcium chloride 
or common salt, and by the vacuum method 
of placing concrete. 


URING the winter months when ice has 
formed on pavements and bridge decks, 
sodium chloride or calcium chloride or mix- 
bures of the two are spread on surfaces to 
aw the ice and make the riding surface safe 
wr traffic. This practice has been common in 
4 ny parts of the country for 25 years or 
more. The continued use of these salts, usually 
ead in flake, pellet, or crystal form, has 
uently resulted in excessive scaling of the 
ring surface of portland cement concrete. 
some cases the action has been so severe as 
cause complete disintegration. 

States where ice covers the pavements 
ny times each winter, the problem of ice 
oval by chemicals and the attendant 
scaling and disintegration of the concrete is 
a serious one. Since sodium and calcium 
hlorides are very effective for melting ice, 
lere is great interest in developing methods 
% making concrete resistant to their action. 
in New York, particularly, and in several of 
he other Northeastern States, climatic condi- 
ons, hilly terrain, and heavy traffic have 
tensified this problem of developing a 
ete resistant to the scaling caused by 
loride salts. 
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of Portland Cement Concrete to 
Sealing Action of Thawing Agents 


BY THE PHYSICAL RESEARCH BRANCH 


Reported by ALBERT G. TIMMS, Supervising 


The Bureau of Public Roads began a labora- 
tory investigation in 1948 of methods of 
protecting the wearing surface of concrete 
against the action of calcium chloride. Later 
because of the extreme severity of the labora- 
tory test which caused doubt as to its similar- 
ity to field conditions, a similar study was 
made under outdoor weather conditions on 
small concrete slabs on the ground. This is a 
progress report of a continuing research 
program and has been prepared to summarize 
the information obtained on the laboratory 
tests and the outdoor exposure tests through 
the winters of 1951-52, 1952-53, and 1953-54. 


Scope of Study 


The laboratory investigation of scaling 
resistance was divided into five parts as 
follows: 

1. The effect of increasing the air content of 
the fresh concrete beyond the 6 percent 
maximum limit now generally permitted in 
specifications for concrete for pavement 
construction was investigated. 

2. The effect of delaying the scaling action 
by surface coatings of crankcase oil (undiluted 
and diluted) with various percentages of 
gasoline, and the effect of time of application 
of the oils were studied. 

3. The effect on scaling action of using 
paraffin and asphaltic base lubricating oils 
(both new and used) as admixtures in con- 
crete was studied, and also the effect of these 
materials on strength, shrinkage, and resist- 
ance to freezing and thawing in water. 

4, An investigation was made of the fol- 
lowing miscellaneous factors: Effect of using 
various amounts of calcium chloride applied 
to a given area for ice removal, of using a 
possible rust inhibitor mixed with calcium 
chloride, and of using urea for ice removal in 
place of calcium chloride. 

5. A study of the improvement in the qual- 
ity of the wearing surface produced by vacuum 
treatment of the concrete was undertaken. 

The outdoor investigation to date covers 
tests over three winters. The variable studied 
during the first winter was type of air- 
entraining admixture. Twenty-seven com- 
mercial air-entraining admixtures were used 
in amounts that produced about the same air 
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content in each of the concrete slabs. During 
the second and third winters the outdoor 
program was divided into four parts: 

1. Tests made the first winter were repeated 
with most of the 27 air-entraining admixtures, 
but using two cements (brand A with high 
alkali content and brand B with low alkali 
content). Five more air-entraining admixtures 
were included which had been received too 
late for the first series. These concrete slabs 
were cast in molds both on a metal base and 
on a sand base. 

2. The effect on the resistance to scaling of 
replacing part of the portland cement with 
fly ash was studied. A fine and coarse fly 
ash from each of two sources were used because 
previous experience indicated that the finer 
the fly ash from a given source the lower 
the carbon content. Twoconcretes, plain and 
air-entrained were used for each fly ash 
replacement, with each of the two different 
cements (brands A and B). 

3. The effect of methods of curing the 
concrete on resistance to chloride attack was 
investigated. In connection with the curing 
study, surface applications of oil were also 
made following the curing period. 

4, The effect of vacuum treating the sur- 
faces of both plain and air-entrained concrete 
was studied. 


Conclusions 
The principal conclusions of the laboratory 


‘tests (artificial freezing) were as follows: 


1, A scaling test which involved freezing 
of water on the surface of concrete test slabs 
and thawing with an application of flake 
calcium chloride showed that the resistance 
of the concrete was a function of the amount 
of entrained air. An air content in excess of 
6 percent was more effective in making con- 
crete resistant to the scaling action of calcium 
chloride than increasing the cement content. 

2. Concrete which was cured and seasoned 
and then coated with mineral oil showed 
greater resistance to calcium chloride attack 
than similarly cured concrete which received 
no protective treatment. Multiple coats of 
oil were slightly more beneficial than’a single 
coat of oil. Application of oil to freshly placed 
concrete decreased the resistance to scaling. 
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Table 1.—Chemical composition and physical properties of portland cements ea fly ashes” of aerinns scntines “As indicated — the | ‘Dp 


Portland cement 


A B 








Chemical composition (in percent): 
Silicon dioxide 
Aluminum oxide__-- 
Ferric oxide 
Raieltn OUGbs=. oe. ao lee ee See ee 
Magnesium oxide 
Sritit LriGxine. teen) to eo eee 
RGSS deMIVON see. 3a ase ees ee ee ee 
Sodium oxide_ 
Potassium oxide 
Total equivalent alkalies as NazO_-_ 
Insoluble residue 
Chloroform-soluble organic substances - ------------- 
Free calcium oxide 
Water-soluble alkali: 
T 


Computed compound composition (in percent): 
Tricaleium silicate 
Dicalcium silicate 
Tricalcium aluminate 
Tetracalcium aluminoferrite 
Calcium sulfate 





aT DOM CiOTGG* s-. eee oer Ue ote ns eee 
Physical properties: 

Apparent specific gravity 

Specific surface (Wagner) 

Specific surface (Blaine) 

Autoclave expansion 

Normal consistency 

Time of Cdn (Gillmore test): 


recs strength (1:2.75 mortar) : 
AOR VS) eee se Eh re Lo Es Pisi-= 
WRT W a Eyck Oe A ile aes hee Se eee oe dos 
Mortar air content. - percent_- 





1 Determination made at 600° C. 


3. Neither paraffin nor asphaltic base oil 
used as admixtures were of much value in 
either delaying or controlling the progress of 
sealing. Used crankcase lubricating oil was 
effective in retarding the start of scaling, 
because of the air entrained in the fresh con- 
crete by this material. 

The use of one-third or two-thirds of a 
gallon of paraffin or asphaltic base oil per 
sack of cement as an admixture had no effect 
on the air entrained in the concrete. A slight 
reduction in shrinkage and in strength and a 
slight improvement in durability as measured 
by resistance to freezing and thawing in water 
resulted from the use of these oils. 

The use of one-third or two-thirds of a 
gallon of used crankcase lubricating oil per 
sack of cement entrained air in the concrete. 
Concretes containing these admixtures showed 
a reduction in strength and an improvement 
in durability proportional to the amount of 
air entrained. The shrinkage of the con- 
erete containing crankcase oil was about the 
same as the concrete without admixture. 

4. Urea, reported to be a thawing agent 
non-corrosive to metals when used to thaw 
ice on concrete, was slower in thawing action 
than calcium chloride. It also caused scaling 
but not so quickly as calcium chloride, 

Varying the amount of the thawing agent 
(calcium chloride or urea) had little effect 
either on the start or rate of progress of the 
sealing. The use of a metal corrosion inhibitor 
had only a slight retarding action on scaling 
of conerete when used with calcium chloride 
for ice removal. 

5. Coneretes containing 6 or 7 sacks of 
cement per cubic yard, both plain and air- 
entrained, were benefited in their resistance to 
sealing by the use of the vacuum treatment 
of the plastic concrete. 
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The principal conclusions of the outdoor 


exposure tests were 


1. All the air-entraining admixtures tested 
in concrete were effective in delaying the start 


Table 2.—Mix data for laboratory slabs, 6 by 12 by 2 inches thick! 
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hie ey = 
liminary tests of the first winter, the synthe heti 
detergents and the salts of proteinaceo 
materials were less effective than the admix 
tures in the other groups. In the subsequent 
tests made the next two winters, the syntheti 
detergents were relatively more effective thar 
they were in the preliminary tests. For the 
concrete containing aggregates with a 1-inch 
maximum size, the tests indicate that mor 
satisfactory resistance is obtained when the 
air content is greater than 5 percent. 


2. For the variables studied, the scaling @ of 
concrete was less pronounced when the con- 
crete had been cast in a mold with a sand base 
than when cast in a mold with a metal base. 
The water retention of the concrete cast on 
the sand base is less than that cast on a me al 
base. The resulting decrease in the water 
cement ratio accounts for the difference it 
resistance to scaling. 


3. The two portland cements used did not 
produce concretes of equal resistance. The 
coneretes made with cement B (low alka 
content) were more resistant than the con- 
cretes made with cement A (relatively high 
alkali content). The different treatments o 
the concretes did not appear to change this 
relative difference between the cements ir 
resistance to scaling. 


4. Replacing portland cement in the mix 
with fly ash, regardless of the fineness or 
carbon content, was detrimental to the resist- 
ance of the concretes to attack by calcium 
chloride used for ice removal. Maintaining 
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sna’ Admixture Weight of 
dry weight Cement | Water Slump Air plastie 
~ Amount? Type < concrete i 
PART 1: EFFECT OF AIR CONTENT oh 
Sack] ) 
Pounds cu. yd. | Gal./sack| Inches | Percent | Lb./cu. ft. 
94-210-320 |.-_-___.-- Non624 2-6 252 Sec 2 ee ee ee 6.6 5.7 2.3 149. 0 
94-200- 320 | 0.004 _ Vinsolresinyse) 0 ee De see ite 6.0 5.4 2.4 Ea 148.0 P 
94--180-320 | 0. 011.---|----_ CObaap Seu ee ee 6.1 oak 2.6 6.0 143.7 
94-160-320 | 0.025._._|_-__- Oa Se Fee 5.9 4.7 3.2 13.0 131.6 y 
94170-2770. (oe see INOTIOL 42 a 2 eS ae ee eee 7.0 4.8 2.6 15 149.3 
94-165-270 } 0.005..2-| Vinsol resin 2). 22-2222 2-0) 2 Teg 4.5 2.4 2.17 148.9 ii 
94-140-270 | 0.011_-__]____- GOs cent eee ey ee eee te 4.2 2,2 4.9 143.8 
94-130-270 | 0.022____|____- (6 C9 find oe ER ya al SON ts et ea! 4,1 2.2 7.2 139.6 
PART 2: EFFECT OF OIL SURFACE TREATMENT 
94-210-320 | ioe re Ae IN ONG S20 =. Lee ee oe 539 Gok | 3.5 | 1.9 | 147.3 a \ 
i 
PART 3: EFFECT OF OIL ADMIXTURES 
94-210-320 |_.---_-.-- None: :3. e/a Si ee 5.9 6.1 3.0 2.0 146. 6 , 
94-170-320 | 34gal___| Used crankease oil________-_.__-_--__--- 6.0 5. 4 4.8 Ds a 140.0 
94-200-320 | 24gal_ Parattin 03] ke eo, SA eee oe 5.9 5.7 4.0 2.0 146.3 
94-200-320'.|" S4galo-c| Aisphalt olle 222) 8 oe ee ee 5.9 5.7 3.5 2.4 145. 3 
PART 4: EFFECT OF THAWING AGENT 
94-210-320 |_________- | Noné...2 2 es... 3 SS ee eee 5.9 6.1 3.5 | 1.9 | 147.3 
PART 5: EFFECT OF VACUUM SURFACE TREATMENT 
1 
94-210-320 |.-.-...--- INORG sco wee eee ee 6.0 §.72"| 3 ee LZ 148. 6 
9%-160-320") (0. 020: =}. Vinsol. resin:=- 22n es Soe ee 6.2 Py ae RE” SE 74 141.1 
94-170-270 |_-_--_-_- Nonee =. 27. 2 eo eee ree ee 7.0 ASSP y te eee 1% 148. 6 
94-130-270.| 0.022.-.-| Vinsol resini.....-....2....2-.-e ens 71 aS Oe 4) 7.8 139.3 


! Materials used: cement, brand A; siliceous sand, F.M. =2.70; siliceous gravel, 34-inch maximum size. 
2 Per sack of cement. Except for oil admixtures, amounts are expressed as percent by weight of cement. 






April 1955 © PUBLIC RO. 


PEs 
¥ c .  w 



































xed air entrainment within the usual 
ification limits did not balance the lowered 
stance caused by the use of fly ash. 

. In general, the type of curing had little 
parent effect on the resistance of the con- 
retes to calcium chloride attack. The mem- 
ee curing, when the film remained un- 
‘roken, had some protective action. Under 
vaffic conditions such a film would probably 
of little or no value. 

The concrete cast in molds with metal 
s and subjected to a vacuum treatment 
yas little different in resistance to scaling 
fom similarly cast untreated concrete. How- 
iver, when the concretes were cast in molds 
lith sand bases the concrete on which the 
‘acuum treatment was used was more resist- 
nt to scaling than the untreated concrete. 
$s same relationship held for concrete with 
contents ranging from 1 to 10 percent. 


: _ Laboratory Exposure Series 


The portland cement used was an ASTM 
type I cement. It is designated as brand A 
nt and is the same cement as brand A 
in the outdoor investigation. Table 1 
the chemical composition and physical 
erties of the cement. 
The aggregates used for all concrete mixes 
the scaling tests consisted of a siliceous 
id having a fineness modulus of 2.70 and a 
vell-graded siliceous gravel of %4-inch max- 
mum size. For the test specimens used for 
‘mining strength, resistance to freezing 
thawing in water and volume change, 
ed limestone was used as coarse aggre- 
Concretes made from similar aggre- 
have good service records for durability. 
le concrete mix data are given in table 2. 
The specimens used in the laboratory scaling 
St consisted of concrete slabs having a 
ng surface of 6 by 12 inches and a thick- 
of 2inches. The slabs were cast and the 
te rodded and spaded in the usual 
nner. In one group of slabs a vacuum 
tment was applied to the plastic concrete 
asting. 
ipproximately 3 hours after molding, the 
Surface of each specimen was given a 
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Figure 1.—Rating scale (0-10) of resistance of concrete to scaling after 
laboratory freezing and thawing with calcium chloride. 


broomed finish to simulate the surface finish 
frequently given pavement slabs. Subse- 
quent to brooming a mortar dam approx- 
imately one-half inch in height was cast 
around the perimeter of the specimen. In 
general, the concrete was cured in moist air, 
the bottoms and sides of the specimens were 
waterproofed with a heavy coating of paraffin, 
and then stored in the air of the laboratory 
before starting the freezing and thawing 
cycle. The exact period of curing is shown in 
the notes of tables 3-6 and 12-13. 

The top surfaces of the slabs were first 
flooded with one-quarter inch of water, after 
which the specimens were placed in the freezer 
and the surrounding air temperature reduced 
to —10° F. The slabs were kept in the 
freezer approximately 15 hours, then removed 
from the freezer, and flake calcium chloride 
applied directly to the ice-covered surface. 
In general, the amount of calcium chloride 
applied was 2.4 pounds per square yard of ice- 
encrusted surface. This is the maximum 
amount usually applied in practice and is the 
amount used by other investigators. In one 
group of tests different amounts of calcium 
chloride were applied per square yard. After 
the ice had thawed, the calcium chloride 
solution was washed from the surface of the 
slabs, fresh water applied and the cycle re- 
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peated. One cycle was completed each 24 
hours from Monday through Friday. The 
slabs remained in the freezer from Friday 
night until Monday morning. 

In general, three slabs were made for each 
condition and two or more rounds of slabs 
made on different days for each condition of 
test. Only one round of slabs was photo- 
graphed and since the rounds in general 
checked each other very closely the results of 
only one round are reported. 

The various slabs were rated periodically 
for surface scale. The ratings were based on 
visual observation of the extent and depth of 


scale. The following tabulation describes the 
numerical significance of the rating: 
0—No scale 
1—Scattered spots of very light 
scale 
2—Scattered spots of light 
scale 


3—Light scale over about one- 
- half of the surface 

4—Light scale over most of 
surface 

5—Light scale over most of sur- 
face, few moderately deep 
spots 

6—Scattered spots of moder- 
ately deep scale 

7—Moderately deep scale over 
one-half of the surface 

8—Moderately deep scale over 
entire surface 

9—Scattered spots of deep 
scale, otherwise moderate 
scale 

10—Deep scale over entire sur- 

face 


Typical examples of the various ratings are 
shown in figure 1, and figure 2 illustrates 
progressive scaling of three identical slabs as 
the number of cycles of freezing and removal 
of ice with calcium chloride was increased. 


Outdoor Exposure Series 


The portland cements used were ASTM 
Type I cements. Two cements were used, 
brand A and brand B. Brand A had a rela- 
tively high alkali content and brand B a very 
low alkali content. Table 1 gives the chemical 
and physical properties of the cements, 





0 24 


36 42 


Cycles 


Figure 2.—Progressive scaling of non-air-entrained concrete after indicated cycles of 
laboratory freezing and thawing with calcium chloride. 
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; RS SEEN gre ne oot ag ERC ttt ago oe ne een a a 
: 6 sacks of cement per cubic yard The numerical ‘sienieeance of rene rat 
Seats 48 SSH boas Se isls: Sucre reece ae 
: 
Discussion of aborateas Test z 
a Air content, part 1 el 
Ss In this group of laboratory tests the ° dj 
a was to study the effect of increasing the 
content beyond the maximum 6 percent li 
now generally permitted for use in con 
pavements. Since the maximum size of 
gregate used with the 6- by 12- by 2-in 
slabs was three-fourths inch, this necessitate 
a higher air content for a given degree 
durability than is required by a normal pa 
ing mix containing aggregate graded up ta 
1.5 2.1 6.0 13.0 inches. This increase in air requirement ha 
Percent air been shown by a number of investigators 
Figure 3.—Effect of percentage of entrained air on resistance of concrete to scaling after be necessary in maintaining the level” 
laboratory freezing and thawing with calcium chloride. durability.’ , ; 
Two different proportions were used, o: 
; containing 6 and the other 7 sacks of ce nd 
7 sacks of cement per cubic yard per cubic yard. The slump of the conere 
42 cycles 50 cycles 50 cycles 60 cycles was maintained at 2 to 3 inches. Where é | 
‘ ' trained air was desired, neutralized Vin 
resin was used to produce the Ae y | 
air specified. 
Table 3 shows the scale ratings of thes sur- | 
faces of the slabs containing various percent-| 
ages of air. These ratings are reported | | 
30, 36, 42, 50, and 60 cycles when the tests, 
were discontinued. Some tests were disco 
tinued sooner because of the condition of t 
slab. The slabs having a cement content | 
6 sacks per cubic yard had a maximum air 
content of 13 percent instead of the 7 to 
percent which was planned. - 
The surface condition of the slabs afteri™ 
en 2.7 49 7.2 various cycles of exposure to calcium chlori et 
peen tat action is well illustrated in the photograp! 
in figures 3 and 4. Figure 3 shows the con 
Figure 4.—Effect of percentage of entrained air on resistance of concrete to scaling after dition of the surface of concrete made with 6% 
laboratory freezing and thawing with calcium chloride. sacks of cement per cubic yard and vari 
air contents ranging from 1.5 to 13.0 perce: l 
The aggregates used for all mixes consisted moval by drainage. In the fall and winter, In each case the three slabs in a verti 
of a siliceous sand having a fineness modulus the top surfaces of the test specimens were Column were identical in composition ai 
of 2.70 and a crushed limestone coarse aggre- kept covered with water. 1 Effect of entrained air on coneretes made with so-called “sat 
gate of l-inch maximum size. Concretes con- The first slabs were made in the laboratory graye aggregates, by Paul Klieger, Journal of the Americar! 
taining these aggregates have a good service in water-tight molds with a metal base. This Concrete Institute, Oct. 1948. . 
record for durability. condition simulates concrete placed on an | 
Bis uttailuabs tronon in the laboratory freezer, . cecla placed on the subgrade, Later teste « 2eeg ts hates eae 
on it y freezer, seals placed on the subgrade. Later tests sealing of concrete slabs containing va 
suggested the possibility that the conditions were made using a damp sand base which ous percentages of air, part 1 of laborato 
were far more severe than those occurring would be more nearly comparable to types of tests ! 
under field applications of calcium chloride. subbases often used under concrete pavements. : 
In order to study this feature further, slabs With the exception of the series in which Rating after nes and thaw. ng 
16 by 24 by 4 inches deep with raised edges or curing was studied, all other slabs were made Ce- Air 2 ‘ 
dams around the perimeters were made for in the laboratory. ee 30 36 42 50 
outdoor exposure. When ice was frozen on the slabs, calcium cycles | cycles | cycles | cycles | oyele 
: The surfaces of the slabs were given a Chloride was applied to the surface at the rate 
broomed finish and most of them were then Of 2.4 pounds per square yard. After the ice cage. | Peres 
cured in the moist room from 28 to 90 daysand Was completely thawed, the surface was eo | 27 a Ae Se 
. then placed in the exposure area. The speci- Washed and fresh water left on the surface to 6.1 6.0 2 3 5 
mens were in the exposure area from 30 to 100 wait another freezing. Bch ree i ; " 
7 days before the first application of calcium During the winter of 1951-52, 19 cycles Lg a 8 ; 3 
E chloride was made. A description of the were obtained, and during the winter of Ue, a erere , 
: treatment is in the notes to tables 15 to 21. 1952-53, only 17 eyel i i any Oa Bate 
3 in ? , ycles, and in the winter of 
| Broomed finishing was selected because ob- 1953-54, 34 cycles. 1 Each value is average of 3 tests. Slabs cured in mois 
pereyens indicated that a broomed finish The slabs were rated periodically for surface i ca) doys Shoes OS ee tentative 1 
ended to hold the calcium chloride solution scale. The ratings were based on visual ob- 231-497. 
es ; on the pavement surface and retarded its re- servation of the extent and depth of scale. maton aig and ee ae ee Bie. uy 
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igure 5.—Effect of single coat of mineral oil on resistance of non-air-entrained concrete to 
ne after 40 cycles of laboratory freezing and thawing with calcium chloride. 4 
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satment. Under each column is shown the 
r content of the fresh concrete. 


The slabs in which no air-entraining ad- 
ture had been added (1.5 percent air) 
e removed from test at 36 cycles because 
_surfaces were rated 10 after 36 cycles (see 
le 3), and the entire slab was almost com- 

tely disintegrated. Likewise the test of 
ne concrete that contained only 2.7 percent 
ur was discontinued after 42 cycles, at which 
jime they were rated 10. It is interesting to 
e that at 60 cycles 6 percent of entrained 
r, which is the maximum for most specifica- 
ns, was not enough to give adequate pro- 
tion (rating of 8) for this type of exposure. 
wever, 6 percent delayed the start of scai- 
and the rate of disintegration was less. 

slabs shown in figure 3 containing 13.0 
sent were rated 2 after 60 cycles which is 
more than the start of scaling. The 
air content was accidental as it was not 
intention to exceed 8 percent. The test 
; made even though it was realized that 
» strength and wear resistance would be 
usly affected by the very high air content. 


Figure 4 shows the slabs made with con- 

> containing 7 sacks of cement per cubic 

d. The range in air content was from 1.5 

7.2 percent. For a given air content the 

hcretes containing 7 sacks of cement per 
— 
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4 





figure 6.—Effect of multiple coats of mineral oil on resistance of non-air-entrained concrete 
to scaling after 40 cycles of laboratory freezing and thawing with calcium chloride. 


cubic yard were only slightly more resistant 
than the 6-sack concretes. 

The conclusion that can be drawn from the 
results of these tests is the importance of using 
as high an air content as possible without 
jeopardizing unduly strength or wear resist- 
ance. The tests also show that the air con- 
tent is far more important in its influence on 
resistance to scaling than the cement content. 


Surface treatments, part 2 


In this group a study was made of the effect 
on scaling of coatings of crankcase oil, un- 
diluted and diluted, with various percentages of 
gasoline. The effect of time of application of the 
oils on start of scaling was also investigated. 

Observations made in the field on actual 
pavements indicate that scaling was less likely 
to occur on those areas in the middle of the 
traffic lane containing noticeable oil stain than 
in the wheel tracks. It is believed that the 
oil drippings from cars and trucks fill the voids 
and reduce the absorption of the calcium 
chloride solution. 

The concrete used in the tests was made 
with non-air-entrained cement and contained 
6 sacks per cubic yard. The mix data are 
given in table 2. 

The slabs in the first section of the group 
were given a single coating of unused lubricat- 
ing or mineral oil (SAE No. 10 grade) either 





.— 


undiluted or diluted with gasoline. These 
surface treatments were quite similar to those 
used in New York State.2, The combinations 
of oil and gasoline used for surface treatment 
and the scale ratings after 15 and 40 cycles of 
exposure are given in table 4. The condition 
of these slabs after 40 cycles of freezing and 
thawing is shown in figure 5. 

In the second section of this group, speci- 
mens were given several coats of oil. Two 
coats of the undiluted oil were used and three 
coats of the diluted oils. The concrete would 
not absorb more than two coats of the un- 
diluted oil within a reasonable period of time 
(24 hours) without leaving an appreciable 
residual film on the surface. The condition 
of these slabs is shown in figure 6. 

The two columns on the left in figure 5 il- 


lustrate the condition of the slabs without. 


surface treatment. Calcium chloride was not 
applied to the slabs shown in the first column 
from the left and the ice was thawed in labo- 
ratory air at about 75° F. These slabs on 
which no calcium chloride was used showed 
some action and were given a rating of 4. 
Calcium chloride was applied to all the other 
slabs including the three shown in the second 
column that were uncoated. The specimens 
were all subjected to 40 cycles before the tests 
were discontinued. The uncoated specimens to 
which calcium chloride was applied were se- 
riously disintegrated at the end of 40 cycles 
and the surface scale rating was 8. 

All of the single-coated specimens showed 
slight scale and one of each group of three 
identical specimens was badly disintegrated. 
There was no very marked difference in pro- 
tection given by the undiluted oil as compared 
to the different dilutions as indicated by the 
ratings which varied from 2 to 4. 

The surface ratings for the slabs given mul- 
tiple coats of No. 10 oil or dilutions of the oil 
with gasoline are given in table 4, and the 
condition of the slabs after 40 cycles of freezing 
and thawing is shown in figure 6. The 
ratings indicate that at 40 cycles the multiple 


2 Control of concrete pavement scaling caused by chloride salts, 
by B. D. Tallamy, Journal of the American Concrete Insti- 
tute, Mar. 1949, vol. 20, No. 7. 


Table 4.—Effect of oil surface coatings on 
the resistance of concrete to scaling, part 
2 of laboratory tests ! 


Rating after 
freezing and 
thawing for— 
Surface treatment 2 


15 40 
cycles | cycles 





gasoline. 

75% SAE 10 oil, 25% 
gasoline. 

100% SAE 10 oil 





me 

50% SAE 10 oil, 50% 
gasoline. 

75% SAE 10 oil, 25% 
gasoline. 

100% SAE 10011 


wb wy YRDY NH HS NHN 
oOo © NOR © © POF 











1 Each value is average of 3 tests, Slabs cured in moist air 
for 21 days followed by 14 days storage in laboratory air. 

2 Surface treatment applied at the rate of 1 gallon per 20 
square yards at age of 28 days. 
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oil treatment is slightly more beneficial in 
preventing scaling than the single coating. 

Examination of all the slabs in the series 
indicates that no type of coating will prevent 
sealing from becoming progressive after a 
single break in the surface permits the 
ealcium chloride solution to enter the con- 
crete under the oil-impregnated layer. On 
pavements in service such breaks in the oil- 
protected surface may be caused by tire 
chains. 

It was proposed in New York State that the 
oil coat could be applied to plastic concrete 
in lieu of a membrane curing compound. 
Therefore, to obtain information on the effect 
of such application, oil was applied to three 
slabs 3 hours after molding to simulate the 
time of application of a membrane curing 
compound. The other six slabs were given 
7 days moist curing. Three of the six were 
given no further treatment. To the remaining 
three an oil surface coat was applied after 7 
days drying. The ratings of these slabs 
after 15, 25, 50, and 60 cycles of freezing and 
thawing are shown in table 5. The applica- 
tion of oil to the surface of plastic concrete 
was definitely detrimental and resulted in 
much more severe scale than similar concrete 
that received no surface treatment. The 
slabs on which the oil was applied to the 
plastic concrete were rated 10 and the ones on 
which no oil was used were rated 6 after 60 
eycles of freezing and thawing. 

The conerete given an oil treatment after 
14 days had far better resistance to scaling 
than that which received no earlier surface 
treatment. These slabs were rated 3. These 
tests indicate that the oil protective coat 
cannot be applied at an early age and still 
have value in improving resistance to scaling 
caused by application of calcium chloride. 


Admixtures of oils, part 3 


In this phase of the investigation, paraffin 
base oil, asphalt base oil, and used crankcase 
oil were used as admixtures in concrete. 
The mixes and the mix data for the concrete 
used in this group are given in table 2. The 
scale ratings of the slabs are shown in table 
6 after 20, 30, 50, 65, and 75 cycles of freezing 
and thawing with calcium chloride. Figure 7 
shows the specimens after 75 cycles of freezing 
and thawing. 

The paraffin base oil and the asphalt base 
oil were ineffective in delaying the start of 
sealing or in controlling the rate of progress 
of the scaling. As may be seen from the 


Table 5.—Effect of time of application of 
oil coating on the resistance of concrete 
to sealing, part 2 of laboratory tests 1 


| Rating after freezing and 
| thawing for— 





25 50 60 


eycles|cycles|eycles cycles 





Oil applied after 3 hours 2__ 
Oil applied after 14 days 2__ 





A Each value is average of 9 tests. 
2 Slabs cured in moist air for7 days followed by 28 days’ 
Storage in laboratory air followed by 4 days’ soaking. 
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table, the slabs containing these oils showed 
more scaling at 20 cycles than the slabs made 
without admixture. At 75 cycles the slabs 
containing the paraffin or asphaltic base oils 
were rated 10, the same as the concrete 
slabs without admixture. 

The used crankease oil was effective in 
retarding the start of scaling probably because 
of the air entrained in the plastic concrete. 
The concrete containing this material was 
rated 1 after 50 cycles and 4 after 75 cycles. 

Since some of the materials used as ad- 
mixtures are of value in delaying the start 
of scaling, the effect of these admixtures on 
other properties of concrete is important. 
To study these properties, concretes containing 
these admixtures were tested for flexural and 
compressive strength, durability as measured 
by freezing and thawing (specimens frozen 
in water), and volume change due to drying. 

The mix data for the strength specimens are 
shown in table 7. Seven mixes were used, 
one a base mix without admixture containing 
6.0 sacks of cement per cubic yard of concrete 
with a slump of approximately 3 inches. The 
other 6 mixes contained the admixtures and 
were similar to the base mix, except that the 
sand and water content was reduced to 
maintain approximately the same slump and 
cement content. : 

The one-third gallon of oil was selected 
because it was the amount used in previous 
tests for waterproofing concrete. Twice this 
amount was also used to determine if there 
were any harmful effects from using more than 
that reeommended. 

The air contents of the mix without 
admixture and of the mixes containing the 
paraffin and asphalt base oils ranged from 
1.0 to 1.2 percent. The air content for the 
mix containing one-third gallon of used 
crankcase lubricating oil per sack of cement 
was 6.4 percent, and for the mix containing 
two-thirds of a gallon it was 5.0 percent. Air 


Plain 


Used crankcase oil 


Figure 7.—Effect of oil admixtures on resistance of concrete to scaling after 75 cycles 
laboratory freezing and thawing with calcium chloride. 
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Asphalt oil___| 2.4 
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1 Each value is average of 5 tests. Slabs cured in moist 
for 14 days followed by 40 days’ storage in laboratory ail 

2 Air content determined by ASTM tentative meth 
C231-49T. 


determinations were made using a pressur 
type air-meter. p 

The water required per sack of ceme 
for the mixes containing the paraffin base am 
asphalt base oils was only slightly less th 
that required for the plain mix for the san 
slump and cement content. For the m 
containing one-third gallon of used crankea 
lubricating oil, it was 0.3 of a gallon less, an 
for two-thirds of a gallon it was 0.5 of 
gallon Jess. 

The workability of all of the mixes contain 
ing the admixtures was better than that o 
the plain concrete. This improvement wa 
greater for those mixes which entrained ai 

For each mix, eight 6- by 6- by 21-ine 
beams and eight 6- by 12-inch cylinders we 
made, two each on 4 different days. Fov 
beams and four cylinders were tested at 7 day 
and four at 28 days. All specimens we 
stored continuously in moist air until teste 


Strength Tests 


The results of the strength tests are give 
in table 8. The table also shows the ratic 
of the strength developed with admixture 







Paraffin base oil Asphalt base oil | 
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approximately 6 sacks of cement per cubic 
yard of concrete with a slump of 3.3 inches. 
The other four mixes contained the admixtures 
and were similar to the plain mix except that 
sand and water contents were reduced to 
maintain approximately the same consistency 
and cement content. 

The mixes and materials used were similar 
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2 to those used in the strength tests except that 
oO the maximum size of coarse aggregate was 
bs 1 inch instead of 134 inches, and the percentage 
hy of sand was increased. The use of a smaller 
° maximum size coarse aggregate resulted in 
E higher air contents in the concretes than 
a those in the concretes used for the strength 
= Ms specimens. The greatest difference was in 
= the mixtures containing two-thirds of a gallon 
= 100 of used crankcase oil. Five percent air was 
7 obtained for the concrete (1}4-inch maximum 
y 90 size) for the strenyth specimens and 10 percent 
2 for the concrete (l-inch maximum size) for 
\ fe 80 the freezing and thawing specimens, A mix- 
a ture containing one-eighth gallon of used 
3 70 crankcase oil was included in the freezing and 
t ri thawing series. This mix had an air content 
60 of 5.2 percent which is within the accepted 
‘limits. 
50 For each mix, nine 3- by 4- by 16-inch 
NONE 5 GAL. $ GAL. + GAL. § GAL. 5 GAL. $ GAL. beams were made. Three beams were used 
i | PARAFFIN ASPHALT USED CRANK - for freezing and thawing, three were used for 
BASE OIL BASE OIL CASE OIL control and were tested for flexural strength 
ADMIXTURE along with the freezing and thawing speci- 
i mens, and three were used for drying shrinkage 
Figure 8.—Strength ratios of concrete containing oils. tests. 
7 /expressed as percentages of the strengths of Table 7.—Effect of oils on properties of concrete, mix data for strength specimens ! 
‘| the corresponding concrete without admixture. 
| The strength ratios are shown graphically in Mix by Admixture Weight of 
figure 8. dry weight Cement | Water Slump Air? plastic 
f It should be noted that the use of the seen a ype Cand 
| admixtures included in this series resulted in fo ae 
eductions in the 28-day flexural and compres- Pounds _ | Gal./sack Pies? Gal./sack | Inches | Percent | Lb./cu. ft. 
e strengths. The 28-day ratios for the gee gel ee we wan erie ce 8.0 96 Buf J.J 158.2 
ge 08s Series Tanged eo i0-a0,| oe La do | ORS PEP bole 
from 92 to 100 for flexural strength and 93 to 
Mumtorscompressive strength. These’reduc- | seimss0| 36 | Pao ee] BR YORE | OBE | 152.1 
ms would not be considered serious if the ; 
2 94-180-350 4% Used crankcase ollz 2-22 x 5.8 53 3.1 6.4 145.0 
e of the admixture resulted in an improve- 94-170-350 B Cia mee ar 0 a Oro SEG Sh aa oS 6.0 5.1 2.5 5.0 146. 4 


























ment in the durability of the concrete. 

There was a greater reduction in the ‘ ; 
. . a ie $size. 
engths of the mixtures containing used 2 Air content determined by ASTM tentative method C231-49T. 
ankease oils. The use of these admixtures 
lted in the entrainment of air in the 
C0 nerete; therefore the strength ratio of 85 Table 8.—Effect of oils on the strength of concrete ! 
recent specified in the Tentative Specifica- 
ms for Air-Entraining Admixtures for Admixture Modulus of rupture 3 Compressive strength 4 
merete, ASTM Designation C260-52T will 
erve as a basis for comparison. 
The strength ratios for the mixtures con- 
taining one-third gallon of used crankcase oil 


1 Materials used: cement, brand A; siliceous sand, F. M.=2.70; crushed limestone coarse aggregate, 114-inch maximum 








7 days 28 days 7 days 28 days 
Amount ee) ee ee 
Strength} Ratio |Strength| Ratio |Strength} Ratio |Strength| Ratio 
} 








sack of cement were lower than the ASTM. | gat.jsack Psi. | Pet. | Psi. | Pct. | Psi. | Pet. | Psi. | Pet, 
standard, and for those containing two-thirds 605 100 765 1¢0 3, 560 100 4, 990 100 
f a gallon the ratios were all above 85 percent 4 : 96 705 92 3, 450 97 4,660 | 93 
~ ; ; d ' 100 735 96 3, 450 97 4, 720 95 
xcept the compressive strength ratio at 7 days 
1: we K Q) 7 
hich was 83 percent. The lower strengths : apa a ene aan Wl oeahc ce 








the 4-gallon mixtures were probably due 


° is 82 640 84 2, 720 76 =| 3,880 78 
) the air content of 6.4 percent as compared d ; 94 70 94 2, 940 83 | 4,250 85 





























) 5.0 percent for the %4-gallon mixtures. 

The mix data for the freezing and thawing 1 Rach value is the average of 4 tests. se olen eat 

ani . 2 Air content determined by M tentative methoc A9T’. 5 

ecimens and the volume change specimens 3 Specimens were 6- by 6- by 21-inch beams tested in accordance with ASTM standard method C7849, Beams tested 


ee . . . : : : . : ~ ¥ \ Su «pr s 

QB o - , with side as molded in tension. Ratio values for relative strength are based on the strengths for 'the mix without admixture. 
oven a et pita tive eure tibet ae 4 Specimens were 6- by 12-inch cylinders tested in accordance with ASTM standard method 039-49. Ratio values for 
ae base mix without admixture, containing relative strength are based on the strengths for the mix without admixture. 
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Table 9.—Effect of oils on properties of concrete, mix data for freezing and thawing and The bars containing one-eighth of a gall 
drying shrinkage specimens 1 












Admixture 
Mix by dry 
weight 
Amount Type 

Pounds Gal./sack 
94-220-320 | ___--- IN ONO. 22-5 be eae ee 
94-205-320 Seer aramin DA86 OM ses, sone aoe ee 
94-205-320 | 26 Asphalt Dasé.oues 52 ae ce ome 
94-200-320 | 1g | Used crankcase oil_-_.-_-_-_---=-- 
94-190-320 SG sSeoe 2 0... eS Sees eee eee 





' Materials used: cement, brand A; siliceous sand, F. M.=2.70; crushed limestone coarse aggregate, 1-inch maximum size. 


* Air determined by ASTM tentative method C231-49T. 


The results of the freezing and thawing 
tests are shown in table 10 and figure 9. The 
bars (3 by 4 by 16 inches) for the freezing and 
thawing tests were stored in moist air for 
28 days prior to the start of the test. The 
freezing and thawing tests were made in a 
manner similar to that described in a previous 
article? 


The sonic modulus (N?) was determined on 
the specimens prior to freezing, and then 
after regular intervals of freezing and thawing 
the percentage decrease in N? was determined.‘ 
When a group of specimens showed an average 
decrease in N? of 40 percent, they were con- 
sidered disintegrated, and freezing and 
thawing was then discontinued and flexural 
strength tests were made. On the remaining 
specimens freezing and thawing was discon- 
tinued at 70 cycles and flexural strength tests 
were made. 


In table 10 are given the losses in N?, the 
durability factors, and the results of flexural 
strength on both the unfrozen control bars and 
the bars which had been frozen and thawed. 
The durability factor (DF) was calculated as 
follows: 
pu (100—L)n 


e 70 


Where: 

L=loss in N? at n cycles. 

n=number of cycles at which N? reaches 
40 percent or 70 if loss of 40 percent is 
not reached by end of test (70 cycles). 
Durability factors of 70 or greater for 
the particular conditions of this test 
are considered satisfactory. 


The concrete without admixture showed a 
loss in N? of 56 percent after 6 cycles of 
freezing and thawing. The freezing and 
thawing bars had a flexural strength of 24 
percent of the unfrozen control bars. The 
durability factor was 3. 


The concretes containing two-thirds of a 
gallon of paraffin base oil per sack of cement 
and two-thirds of a gallon of asphalt base oil 
showed a reduction in N? of 53 percent and 54 
percent, respectively, after 11 cycles of freezing 
and thawing, and the flexural strengths were 
30 and 31 percent of the corresponding control 
bars. The durability factor was 7 for both 
concretes. 





3 Evaluation of air-entraining admixtures for concrete, by 
F. H. Jackson and A. G. Timms, PusLic Roaps, Feb. 1954, 
vol. 27, No. 12 

4 Application of sonic method to freezing and thawing studies 


of concrete, by F. B. Hornibrook, ASTM bulletin No. 101, 
Dec. 1939, p. 5. 
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Weight of respectively, after 70 cycles of freezing | 
Cement | Water | Slum Air 2 lastic B a 
ae doneate thawing. The flexural strengths were 66 an 
beets BAL BR peat ee Pn 8 55 percent of that of the unfrozen specimen 
Sack/ However, these concretes contained 5.2 an 
cu. yd. | Gal./sack | Inches Percent | Lb. /cu. ft. . s18 ; £ 
hee ae ae ae eee e 10.0 percent air. The durability factors fi 
eee 6.0 5.8 3.9 a ore: these bars were 83 and 78 representing ver 
SEH : 3 ne : i 5.2 144.5 good resistance to freezing and thawing. 
and 5.6 5.6 4,2 10.0 137.0 



















of used oil and two-thirds of a gallon of us 
oil showed a loss in N? of 17 and 22 percen 







The results of the volume change tests a: 
shown in table 11 and in figure 10. The bai 
for the volume change tests were made wit 
stainless steel gauge plugs cast in the ends 
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Figure 9.—Effect of admixtures of oils on the resistance of concrete to freezing 
and thawing. 
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Figure 10.—Effect of admixtures of oils on the shrinkage of concrete. 






Flexural strength, 

















Admixture Loss in N? at— 3--by 4- by 16-inch | 
Dura: beams ¢ 4 
ines Airs a bility 
6 11 25 35 50 70 mehere 
Amount Type cycles | cycles| cycles| cycles! cycles! cycles Control 








































Gal./sack Pe, | Feet. NAPE Ne Pct Pehl Pend ae P34, 
Be cae None gies) eee Ss 56 ae ee = wis Pe 3 970 
38 Paraffin base oil_______ be 32 53 Le nes ae as 7 1, 030 
34 Asphalt base oil_______ 123 35 54 re Bey 7 a4 7 895 
Vg Used crankcase oil_____ 59 a 12 10 il 14 17 83 905 
B50 eee Oe Oe ae en, eee! 10.0 6 17 12 12 17 22 78 740 









1 Each value is average of 3 tests on 3 beams. - 
? Air content determined by ASTM tentative method C231-49T. 
’ Durability factor calculated at 70 cycles of freezing and thawing. , 


‘ Beams tested with bottom as molded in tension (4-inch depth). Figures in parentheses indicate the percentage of t 
strength of the corresponding unfrozen control specimens, 4 Pp rf 34 
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thawing. 


‘hey were stored in moist air in the molds 
. 2 days. After removal from the molds, 
ley were stored in laboratory air at 72° F. 
nd 50 percent relative humidity. The bars 
e measured when they were removed from 
moist room and then after regular intervals 
f drying. The percent reduction in length 
s calculated from these measurements. 
‘ter 180 days storage, the test was discon- 
inued. All the concretes containing admix- 
ures showed less shrinkage than the plain 
jonerete. 


Use of urea, part 4 

| Urea, an organic compound, which is 
orted to be non-corrosive to metals, had 
een suggested as a thawing agent to replace 
more commonly used chlorides particularly 
streets with underground streetcar cables. 
tests in this investigation were made to 
sompare the ice-melting properties of urea 
with calcium chloride and to study the effect 
f urea on the surface of non-air-entrained 
soncrete when used for ice removal. 

A comparison was made of concrete slabs 
on which no thawing agent was used with 
; bs on which either calcium chloride or urea 
used. The rate of application of the 
Wing agent was varied from 1 to 3 pounds 
Square yard of exposed surface of the slab. 
ble 12 shows the scale ratings at 10, 15, and 
cycles of freezing and thawing, and figure 11 
ws the slabs after 17 cycles. The slabs 
wn in the figure were thawed with 2 pounds 
per square yard of either salt applied to the 
irface of the slabs. 


Admixture 





Type 


Calcium chloride Urea 
Thawing agent 


Figure 11.—Effect of thawing agent on the resistance of non-air- 
entrained concrete after 17 cycles of laboratory freezing and 


In general, the rate of application of the 
thawing agent appeared to have only a slight 
effect on the scale resistance of the concrete, 
After 10 cycles, the slabs on which 1 pound of 
calcium chloride was used had a rating of 7 
and the ones on which 2 or 3 pounds were used 
had ratings of 9. After 15 cycles all specimens 
on which calcium chloride was used had a 
rating of 10. 

The specimens on which urea was used, in 
general, showed slightly less scaling than those 
on which calcium chloride was used. The use 
of smaller amounts of urea per square yard 
of surface caused less depth of scaling and 
also appeared to retard the start of scaling 
slightly as may be seen from the ratings in 
table 12. 

The rate of thawing of the ice on the slabs 
on which urea was used appeared to be slower 
than the thawing rate when calcium chloride 
was used. The slabs on which no thawing 
agent was used showed only light scale after 
17 cycles of freezing and thawing in the air of 
the laboratory. — 


Use of rust inhibitor 


It is claimed that the corrosive effect of 
calcium chloride on steel such as automobile 
fenders can be greatly retarded by inhibiting 
the action with buffer materials. Two 
different percentages of an inhibitor were 
mixed with calcium chloride and applied to 
the surface of the concrete slabs. The mix- 
ture containing 1 percent inhibitor by weight 
of the calcium chloride was used at three 
different rates of application, 1, 2, and 3 


Table 11.—Effect of oils on the drying shrinkage of concrete ! 





Reduction in length (0.001 percent) after storage in labo- 
reek air at 72° F. and 50 percent relative humidity 
‘or— 
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Each value is average of tests of 3 beams. 
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6 16 34 35 36 35 36 
6 12 31 31 36 35 35 
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Ail ‘content determined by ASTM tentative method C231-49T. 
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Table 12.—Effect of -urea and inhibitor for 

calcium chloride on the resistance of con- 

crete slabs to scaling, part 4 of laboratory 
tests | 


Rating after freezing 
and thawing for— 
Rate of application and 
thawing agent 


10 15 ule é 
eycles | cycles | cycles 





bo 


C aCh 
CaCl+1 % 40 inbibitor 
CaCl:+5 % inhibitor 
Urea. 


CaClo+1 % inhibitor 
reg = Se een fe ee 


_ 
aowo Omo asaiInist 








1 Each value is the average of 3 tests. Slabs cured in moist 
air 14 days and then laboratory air for 90 days. Concrete 
was non-air-entrained. 


pounds per ‘square yard, and the mixture 


‘ containing 5 percent inhibitor was used only 


at the rate of 1 pound per square yard of sur- 
face. 


In table 12 are shown the relative scaling 
ratings determined after 10, 15, and 17 cycles 
of freezing and thawing. It will be noted 
that the rust inhibitor had little effect on the 
scaling action of the concrete caused by 
calcium chloride and its use as a rust inhibitor 
with calcium chloride would have no practical 
significance as far as the resistance of the 
concrete is concerned. There appeared to 
be no difference in the extent of scaling on the 
slabs between those on which mixtures of 1 
percent and 5 percent inhibitor were used 
with the thawing agent. 


Vacuum treatment, part 5 


It has been demonstrated that the use of 
vacuum mats consolidates plastic concrete 
with the consolidation probably being greater 
at the surface than in the body of the concrete, 


Vacuum treatment was applied to two 
types of concrete, air-entrained and non-air- 
entrained. Two cement contents, 6 and 7 
sacks per cubic yard, were used with and with- 
out air. The details of the mixes and the 
air contents are shown in table 2. The 
method of using simulated the commercial 
method of application to flat slabs using a 
vacuum pad and pump. The scale ratings 
are given in table 13. 

The non-air-entrained concrete containing 
6 sacks of cement per cubic yard and subjected 
to a vacuum treatment showed a much 
improved surface resistance to the action of 
the chloride as compared to the untreated 
concrete. The slabs made from _ concrete 
containing 6 sacks of cement, non-air-en- 
trained, and untreated were rated 10 at 30 
cycles, whereas those with the vacuum treat- 
ment were rated only 4 after 55 cycles. 
Photographs of the slabs for the concrete 
containing 6 sacks of cement per cubic yard 
are shown in figure 12 and for the 7-sack 
concrete in figure 13. 


In the case of the concrete containing 7 
sacks of cement without entrained air, the 
improvement was very much less than that 
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observed for similar concrete containing 6 
sacks of cement per cubic yard. The 
vacuum-treated slabs were rated 8 at 30 
cycles and 10 at 55 cycles as compared to the 
6-sack concrete rated 3 at 30 cycles and 4 at 
55 cycles. This is in agreement with other 
tests of vacuum placing of concrete. It has 
been observed that the leaner mixes are 
compacted more because of the greater 
quantity of water removed. 

It was found that concretes with air entrain- 
ment and containing both 6 and 7 sacks of 
cement per cubic yard were greatly improved 
in resistance to the chloride attack by use of 
the vacuum method. This was not antici- 
pated as it was believed that the vacuum 
treatment would not benefit air-entrained 
concrete because such concrete has inherent 
resistance in the first place, and secondly the 
vacuum treatment would lower the air content 
at the surface. The only explanation that 
appears reasonable is the probable reduction 


in the water-cement ratio at the surface of the 


concrete. 


Discussion of Outdoor Tests 


As mentioned earlier in this report, the con- 
crete specimens for the outdoor exposure test 


were 16 by 24 by 4inches deep. The concrete 
contained approximately 6 bags of cement per 


6 sacks of cement per cubic yard 


1.7 percent air 


30 cycles 
Plain 


55 cycles 
Vacuum 


7.4 percent air 





55 cycles 
Vacuum 


55 cycles 
Plain 


Figure 12.—Effect of vacuum-surface treatment on resistance to scaling of concrete after 
indicated cycles of laboratory freezing and thawing with calcium chloride. 


7 sacks of cement per cubic yard 


1.7 percent air 





55 cycles 
Vacuum 


30 aig’ 
Plain 


Figure 13.—Effect of vacuum-surface treatment on resistance to sealing of concrete after 


7.8 percent air 


55 cycles 
Plain 


55 cycles 
Vacuum 


indicated cycles of laboratory freezing and thawing with calcium chloride. 
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Figure 14.—Exposure area for test specimens 









cubic yard and the maximum size of aggr 
was 1 inch. Further details of the coner 
proportions are given in table 14. Tw 
cements were used, a high and a low alkali 
cement; table 1 shows the chemical analyse 
of the cements. 

The specimens exposed outdoors during the 
winter of 1951-52 were cast in water-tigl 
wooden molds with metal bottoms. T] 
concrete specimens were made in the la 
oratory during the spring of 1951, and curec 
in the moist room until the summer of 1951 
They were then placed outdoors and in the 
fall when freezing was expected, the surfac 
were covered with from one-fourth to one- 
inch of water. The water was held on # 
surface by the raised edge on top of the speci 
men. On those slabs tested during the wi nte 
of 1951-52, 19 cycles of freezing and thawing 
were obtaiel Any freezings that occurre¢ 
on weekends are not included in the t 
because in general no salt application W 
made on either Saturday or Sunday durn 
this series. 

Figure 14 shows the expcsure plot phd 
graphed in the spring of 1954. The metho 
of examining and removing any loose morté 
before rating the slab is shown on the 
page. The same scale of rating was used | 
the large slabs as for the small laborat 
slabs. A rating of 5 or more was consider 
major scaling. 
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Air-entraining admixture, part 1 


~ 


One slab was made for each admixti 
tested. As a basis of comparison two né 
air-entrained slabs were made. The thaw 
agent used was calcium chloride and it ¥ 
applied at the rate of 2.4 pounds per squ 
yard in a manner similar to that used on ~ 
laboratory specimens. i - 


* 


Table 15 shows the ratings of the sl: 
after 7, 12, and 19 eycles. The differe 
admixtures have been arranged in the 
in seven groups corresponding to the group 
in the evaluation tests of air-entraini ng 
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the resistance of concrete to scaling, part 
5 of laboratory tests ! 


‘e Rating after freezing and 
thawing for— 











Burfacat ye 
treatment 
15 25 30 55 
cycles) cycles} eycles| cycles 

| Sack) | Per- 

cu. yd. | cent 
6.0 i. 7-;None...=: -- = 3 9 10 as 
» 6.0 1.7 | Vacuum..-_- 3 3 3 4 
> 6.2 7.4 | None s-_--- 0 2 3 5 
236. 2 7.4 | Vacuum -__- 1 1 1 2 
7.0 dail aNOne see =e 3 9 | 10 =e 
7.0 1.7 | Vacuum ___- 3 8 8 10 
. 7-1 7.8'| None-_---.- 1 3 3 5 
ae 7.8 | Vacuum ___- 0 0 0 0 





‘1 Each value is average cf 3 tests. Slabs stored in moist 
air 14 days followed by 21 days in laboratory air. 

| ea cottent determined by ASTM tentative method 
023 ; 


xtures described in a previous report and 
with the same identification numbers. 

_ The non-air-entrained concretes used as a 
basis of comparison had light scale over most 
yf the surface and some moderately deep scale 
jat 7 cycles (ratings of 5 and 6) and both were 
adly scaled (rating of 10) at the end of 19 
cles. 

With one exception, the use of air-entrain- 
ig admixtures consisting of salts of wood 
‘resin resulted in concretes having very good 
jresistance to the action of calcium chloride. 
‘The one exception, admixture No. 6, was 
rated 6 at the end of 19 cycles. 

he use of the air-entraining admixtures, 
onsisting of synthetic detergents, in concrete 
is ineffective in reducing scaling. The 
jconcretes had poor resistance with all but two 
showing complete scaling of the surface 
iting of 10) at 19 cycles. Even the two 
exceptions were rated 4 and 6 at 19 cycles. 
Admixtures of the sulfonated lignin type 
re effective in preventing major scaling up 
~19 cycles at which time the tests were 
continued. All specimens were rated 1 at 
cycles. 

There were only two admixtures in the 
group of salts of petroleum acids. One of 
ese in concrete had good resistance to scaling 
d the other admixture in this group was fair 
ting of 6 at 19 cycles). - 

either of the two admixtures made from 
lts of proteinaceous acids had much value 
reducing scaling of concrete even though 
ese admixtures entrained air comparable 


‘a 


See footnote 3, p. 150. 


Table 14.—Mix data for slabs exposed 
outdoors, (16 by 24 by 4 inches deep) ! 


3 Mix by | qo. , 
_ Concrete DY te Menant Water Slump! Air 
weight 














Pounds | Sack/| Gal./ | Inches | Per- 


E cu.yd.| sack cent 
-entrained_| 94-215- | 6.0 6.1 3.0 1.8 
> 315 
| Air-entrained___.| 94-200- | 6.0 | 5.6 3.0 | 6.0 
ss 315 














gures given are average values for parts 1 to 4 inclusive. 

2, 3314 percent of the cement was replaced by equal 
olume of fly ash. Materials used: Type I cement, 
A and B; siliceous sand, F. M.=2.70; crushed lime- 
arse aggregate, l-inch maximum size, 
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with the other air-entraining admixtures. At 
the end of 19 cycles the surfaces of the con- 
cretes were nearly as bad as those concretes 
containing no air-entraining admixtures. How- 
ever, major scaling was delayed to 10 or 12 
cycles. 


The four admixtures consisting of fatty 
and resinous acids and their salts were very 
effective and all the concretes in which they 
were used showed excellent resistance to 
calcium chloride attack. Likewise the ad- 
mixture containing organic salts of sulfonated 
hydrocarbons was of value in concrete in 
preventing scaling caused by the surface 
application of calcium chloride. ; 


These tests are of particular interest because 
they show that the percentage of entrained 
air alone may not be the controlling factor in 
determining the degree of resistance to calcium 


chloride attack. Some of the concrete having 
air contents below 4.5 percent showed good 
resistance and some containing air contents 
over 5 percent showed rather poor resistance. 

After the 19 cycles of freezing and thawing 
with calcium chloride, the slabs were sawed 
into five 4- by 4- by 16-inch beams. These 
beams were tested for flexural strength on a 
12-inch span with center-point loading. The 
tops as molded (the surface on which calcium 
chloride was used) were in tension. The 
strengths were relatively high with only one 
value below 700 p.s.i. modulus of rupture 
which indicates that the concrete under the 
scale was structurally sound. 


Other Variables Considered 


Because a single slab was made for each 
condition in the preliminary investigation, it 


Table 15.—Effect of air-entraining admixtures on resistance of concrete to scaling, 
preliminary tests of cement brand A molded on a metal base and exposed outdoors ! 




















































































































Rating after peeeig and 
i i pps Rs Modulus of 
Admixture number Air rupture 2 
7 cycles 12 cycles 19 cycles 
BASE Mix: No ArR-ENTRAINING ADMIXTURE 
Percent ACS 

IN ONG sete s atte ae ee 8 Se Ted 6 8 10 905 

Open tee eee anes ae aa a ee cons ae Soe 1.3 5 7 10 755 

SALTS OF WooD RESIN 
ees eee ee Se See” Soe ea ae ee 5.5 1 1 2 830 
Oe ee a oo ge SE ee ae ee ee a ee 6.2 1 1 1 710 
SS ae Se See ra ie reer TCE ee reg ee ls erat oe 6.4 1 2 2 650 
(NS eG Oe ee ee ee ee eee eS 5.2 1 2 2 810 
ee ee es ot ye ee ee ene EL 2 et 5.6 0 1 3 775 
eho, SRR 2 oe eee ee eer ed ee Sah et ee 5.0 1 4 6 800 
ee a ta es I ee Ne ee 4.5 0 1 2 830 
SYNTHETIC DETERGENTS 
| 
Lh ees ates a ae ee nee ae eee! Se ae 6.4 1 3 6 705 
4 a eS apres eae = eae ee De ne See chee 5.0 1 2 4 780 
0 FN Abe ere yy se ee eee OEP eGo on oe ee Spee 4.0 4 8 10 815 
DO es oe nae basses ea eee lt ene a ee 4.8 3 8 10 770 
A tae a ee A a ee Re oe ee 4.8 3 7 10 750 
UTS Se eee wre ee oS See recat es sont Sob ecss onan 4.8 2 7 10 750 
0 Re Oe ees ae ae ry ae ere = a oe een 5.4 1 6 10 790 
SALTS OF SULFONATED LIGNIN 
Mi Yor SS, PR So oe 25 2 Ry eS a ee ec See ey ane 5.8 0 1 1 940 
2 ae ee ee ea ee eS Ve es ST te 6.7 0 1 1 | 870 
4 ee eee ee oe ee ecg ele ee a a ee 6.4 0 1 1 935 
Vi hpi tiaet Se 72 Oe ae RES Dee Mode eee) ne 3.2 0 1 1 | 1080 
SALTS OF PETROLEUM ACIDS 
1) Fee ee yn ee Oe oe oy oe A to oo eS 6.5 0 0 ] 790 
Py (ae Ee NE i Aa Ree iy eB Sis OE 5.0 2 4 6 860 
SALTS OF PROTEINACEOUS MATERIALS 
die 2 oe te rein SB oe See cto! Oe 6.1 3 5 8 790 
DA ae ee ge See Lee Se ee ee ae 2 5. 6 2 6 9 750 
FATTY AND RESINOUS ACIDS AND THEIR SALTS 
[aE Se AE Ns a Spe ee es pee ee een ae ee 4.2 1 1 1 860 
QU sete a tt reas) So ee ee eee Pee ee eet ee TERY 5.6 0 1 1 815 - 
1 See a oe oo Pate et oe ee on Sone 4.8 0 1 2 810 
DS ee eel nen Se cag sare cam come Set ene ast 6.4 1 1 2 825 
ORGANIC SALTS OF SULFONATED HYDROCARBONS 

DBI ated oe as eee ot Ret ome sen os aaa tos he ee | 5.3 0 1 | 1 810 











1 Slabs made Feb. 1951, stored in moist air about 100 days. Outdoor freezing and thawing with CaCl. for 19 cycles during 


the winter of 1951-52. 


2 After 19 cycles of freezing and thawing each slab was sawed into five 4- by 4- by 16-inch beams, 


The beams were tested 


by center loading on a 12-inch span with the top as molded in tension. 
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Table 16.—Effect of air-entraining advniat arts on resistance of concrete to sealing, part 


1, cements A and B molded on a metal base and exposed outdoors ! ? 


Cement A 


Cement B 





Rating after 
Admixture number 


thawing for— 


Rating after freezing and 


freezing and e 
thawing for— 








12 17 
cycles | cycles 


39 51 12 17 39 51 
cycles | cycles cycles | cycles | cycles } cycles 











Base Mix: No AtR-ENTRAINING ADMIXTURE 





Percent 
10 

5 
10 
10 
10 











Percent 
10 10 1.0 

10 10 
10 10 
10 10 
16 10 
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‘Cement A slabs made Feb.-May 1952, and cement B slabs, Mar.—June 1952, then stored in moist air 30 to 120 days and 


placed in exposure area. 
1953-54 for 34 cycles. 


Outdoor freezing and thawing with CaCl during the winter of 1952-53 for 17 cycles and winter of 


2 Repeat of admixtures, 8, 26, and 27 with correct amount of air. 


was considered desirable to repeat the early 
work and extend it to cover other variables. 
In the spring of 1952 most of the same 27 air- 
entraining admixtures and a few other admix- 
tures received too late to be used the first 
year were used with each of two different port- 
land cements to make two series of exposure 
slabs similar to those made the previous year. 
The two cements are identified as cements A 
and B, The winter of 1952-53 was very 
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mild and the 17 cycles obtained were not 
nearly so severe as those obtained the previous 
winter. Under the conditions of test all the 
concretes regardless of the air-entraining ad- 
mixture or brand of cement gave good resist- 
ance after the first year of exposure. These 
slabs remained in the exposure area during 
the summer of 1953 and were all tested again 
during the winter of 1953-54 and were subject 
to an additional 34 cycles of freezing and 


tine. | y ae ae Ae ee a 
SP, rea 





ae 


yt ee : hoo 


» ae ie i. “ a J 


awe making a total of 51 ree Fa 
four cycles were obtained by making tests 
Saturdays and Sundays. However, this 3 
also a mild winter with the temperat 
seldom falling below 25° F. 

The ratings of the slabs made with cemer 
A and B are givenin table 16. It is interestir 
to note that the extent of scaling at the end 
51 cycles in general was not as severe as thi 
obtained in the earlier test in 1951-52 whe 
the concrete was exposed to only 19 cycles | 
severe freezing. The two mild winters au 
the greater age of the slabs at the time of # 
second exposure probably accounted for it 
better resistance of the second series of test 

Two slabs were made using admixture Ne 
26 and cement A. In the first the air conter 
was 8.4 percent which was greater than ij 
tended. For this reason another slab was\) 
made with an air content of 5.6 percent. T 
slabs with 5.6 percent air were badly scaled 
(rating of 9) at 51 cycles, whereas the slg 
with 8.4 percent had a rating of 1 at 51 cycle 
This was an indication that slight differences 
in air contents may account for differences i 
the sealing on different slabs containing the 
same admixture. However, when this admiz 
ture was used in concrete with cement B and the 
air content was only 4.8 percent, the resistance 
to attack by calcium chloride was very good 

A comparison of the results obtained witl 
the two cements used indicates that the slab: 
containing type B cement were not as severel} 
attacked as those made from type A. In the 
group of wood resins the concretes containing 
admixtures 2 and 4 showed ratings of 3 fo 
type B cement at the end of 51 cycles, and th 
same admixture made with type A cement ha 
scale ratings of 6 and 7, respectively. In thi 
case of concretes containing synthetic deter 
gents, all the slabs with cement A showe 
extensive scaling except the one containin; 
8.4 percent air, whereas with those made witl 
cement B only one of the four slabs showe 
more than slight (rating 2) scaling. 

The concrete slab containing cement I 
and admixture No. 19, sulfonated lignin, 
having an air content of 2.8 percent hadi 
rating of 7 at 51 cycles, whereas all the oth 
slabs with higher air contents contain in, 
sulfonated lignin had ratings of 2 or less. 
lack of resistance to salt action of the one sla 
in this group may be attributed to the 
percentage of entrained air. 

The concretes containing salts of petroleun 
acids, fatty acids and resinous acids and ‘he el 
salts, and the miscellaneous air-entraining a 
mixtures showed satisfactory resistance whe 
used with both cements. ~ 

The concretes containing salts of prote’ 


aceous materials showed major sealing wit 
both cements. 















































One or two representative air-entraining @ 
mixtures of each group were used in coner 
cast on a sand base. Comparable slabs w 
cast for both cements A and B. The rati 
of these slabs are shown in table 17. Onl 
one slab with cement B had a rating of 3, t 
had a rating of 1, and the others were ratet ed 
at 51 cycles. ei 


a” 


Table 18 shows a direct comparison bet W 
metal and sand bases. In general, e3 
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e 17.—Effect of sand bases on resistance of air-entrained concrete to sealing, part 1, Table 18.—Comparison of metal and sand 


Cement A 





Rating after freezing and 


4 cements A and B molded on a sand base and exposed outdoors ! 


Cement B 


Rating after freezing and 











































































































































ce ent A 


ir-entrained 


‘ment B 
-entrained 
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i) 
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No fly ash 








thawing for— thawing for— 
Air Ba? GI) ok Se a ae Air 
12 17 39 51 12 17 39 51 
cycles | cycles | cycles | cycles cycles | cycles | cycles | cycles 
BAsE Mix: No AIR-ENTRAINING ADMIXTURE 
Percent Percent 
u gt 1 8 10 10 0.6 2 4 8 10 
SALTS OF Woop RESIN 
5.0 | 1 2 2 2 | 6.0 | 1 | 1 | 1 | 2 
SYNTHETIC DETERGENTS 
a” 1 2 D4 2 4.5 i! 1 1 2 
6.7 1 2 2 z 4.8 1 ad 1 1 
SALTS OF SULFONATED LIGNIN 
3.5 | 1 1 2, 2 2.6 | 1 | 1 | 2 | 3 
SALTS OF PETROLEUM ACIDS 
4.3 | 1 2 2 3 4.3 | 1 | 1 | 1 | 2 
SALTS OF PROTEINACEOUS MATERIALS 
4.5 il 2 2 3 3.7 | 1 | 1 | 2 | 2 
FATTY AND RESINOUS ACIDS AND THEIR SALTS 
4.3 1 2 2 2 4.2 | i | 2 | y | 2 
ORGANIC SALTS OF SULFONATED HYDROCARBONS 
5.3 1 2 2 3 6.1 1 1 1 1 




















1 Slabs made in June 1952, stored in moist air for 30 days, and then stored in exposure area. 
ith CaCl: during the winter of 1952-53 for 17 cycles and during the winter of 1953-54 for 34 cycles. 


Fly ash A 














and thawing with calcium chloride. 
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Outdoor freezing and thawing 


bases on the resistance of air-entrained 
concrete to scaling, part 1 of outdoor 
tests ! 


Rating at 51 cycles 


Cement A Cement B 


Sand | Metal 
base base 


Admixture number 





Metal 
base 


Sand 
base 
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1 These data also appear in tables 16-17. 


of calcium chloride is less severe on air-en- 
trained concrete that is cast on a sand base 
than when the concrete is cast in a water- 
tight metal based mold that does not allow 
any of the water to escape from the plastic 
concrete. 


Use of fly ash, part 2 


Four fly ashes, a fine and coarse fly ash 
from each of two sources, were each used to 
replace 3314 percent of the cement in a 6-sack 
mix. The fly ashes (A and B, table 19) from 
one source had carbon contents of less than 1 
percent and those from the other source (X 
and Y, table 19) had carbon contents of 5.0 
and 11.2 percent. From each source the coarser 
material had the lower carbon content. Two 
cements were used, cement A and cement B. 
Cement B had a very low alkali content and 
cement A a high alkali content. Table 1 
contains a comparison of the chemical anal- 
yses and calculated compound composition. 

The concrete for the exposure slabs was 
cast in molds with metal bases. Two types of 


Fly ash Y 





su e 15.—Effect of fly ash on resistance of concrete to scaling. Test panels photographed in 1954 after 51 cycles of outdoor freezing 
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Table 19.—Effect of fly ash on resistance of concrete to scaling, part 2, cements A and B 
molded on metal bases and exposed outdoors ! 





























































































1 Slabs made June 1952, stored in moist air 30 days, then stored in exposure area. 
CaCl: during the winter of 1952-53 for 17 cycles and during the winter of 1953-54 for 34 cycles. 

2 Where fly ash was used, 3314 percent of the cement was replaced by an equal volume of fly ash. 

3 Air in non-air-entrained mixes calculated, others measured by ASTM tentative method C231-49T. 


concrete were used, non-air-entrained and air- 
entrained concrete. The ratings at 12, 17, 
39, and 51 cycles are shown in table 19, and 
photographs at 51 cycles are shown in figure 15. 


The plain coneretes without air-entrainment 
and without fly ash replacements for part of 
the cement had very poor resistance to attack 
by the chloride salt. None of the fly ashes 
used as replacements for part of the cement 
were effectual in improving the resistance of 
non-air-entrained concrete to attack by cal- 
cium chloride. 


Entrained air greatly increased the resist- 
ance of the plain concrete. In air-entrained 
concrete all the fly ash replacements for 
cement were detrimental to the resistance to 
scaling of the concrete, as indicated by the 
ratings of 4 to 8. The alkali content of the 
cement appeared to have had no relation to 
the resistance of the resulting concrete to at- 
tack by calcium chloride used for ice removal. 
The extent of attack by calcium chloride did 
not appear to differ much with the brand of 
cement or with the fly ash used as a replace- 
ment for cement. 


Type of curing, part 3 


Table 20 gives the ratings of concrete slabs 
cured by different methods. Portland cement 
A was used in all slabs. The slabs were cast 
outdoors in wood molds on sand bases and 
remained in the molds for 3 days. They were 
then removed from the molds, the sides 
painted, and the slabs placed in the exposure 
area. ‘Two rounds of slabs were made for the 
non-air-entrained concrete on different days, 
and one round for the air-entrained concrete. 
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AIR-ENTRAINED CONCRETE: CEMENT B 


Rating after freezing and thawing for— 
Cement Fly ash 2 Air 3 
12 cycles 17 cycles | 39 cycles 51 cycles 
NoN-AIR-ENTRAINED CONCRETE: CEMENT A 
Percent 
A None oo 5 8 10 10 
A A 1.0 6 8 10 10 
A B 1.0 6 8 10 10 
A x 1.0 ff 8 10 10 
A x 1.0 6 8 10 10 
AIR-ENTRAINED CONCRETE: CEMENT A 
A None 4.0 i 2 2 3 
A A 4.6 2 3 3 4 
A B 5.4 3 4 4 4 
A x 4.9 4 6 7 a 
A HG 4.3 4 6 6 7 
Non-AIR-ENTRAINED CONCRETE: CEMENT B 
B None 1.0 3 8 10 10 
B A 1.0 4 8 9 10 
B B 1.0 4 8 10 10 
B x 1.0 6 8 10 10 
B ae 1.0 5 8 10 10 











Outdoor freezing and thawing with 


For purposes of comparison, slabs given no 
curing were cast in molds with metal bases and 
with sand bases. 


Table 20.—Effect of curing on resistance of concrete to scaling, part 3, cement A molded 
on bases indicated and exposed outdoors ! 





Type base Initial curing? 





Surface treatment 3 


Non-AIR-ENTRAINED CONCRETE 4 
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Considerable difference in resistance 
observed between the two rounds of test sl 
regardless of curing treatment. All the slabs 
in round 1, even the slab given no curing, 
showed better resistance than those cast in 
round 2 except burlap plus oil. This difference 
in rounds is a common experience in curin; 
studies carried out under the humidity condi 
tions which prevail in the Washington area 
Because of the greater attack on the slabs ir 
round 2, differences due to curing are mors 
apparent. In the discussion that follows only 
the second round is considered. “| 

In general, the different methods of curing 
had little effect on the scale resistance of the 
resulting concrete. Wet burlap curing for 
days followed by a lubricating oil surfa 
treatment at 28 days was effective in reducing 
scaling. Concrete containing an admixture of 
lubricating oil and cured 3 days under wet 
burlap was also effective in reducing scaling, 

With air-entrained concrete little or a 
scaling occurred, and it is not possible to dis-| 
tinguish between the relative effect of any of 
the curing methods tried. 4 


Vacuum treatment, part 4 | 


Comparisons were made between the regular 
method of finishing concrete and the vacuum) 
method. The ratings of the slabs after various, 
cycles are shown in table 21. These specimens) 
were made and cured outdoors. After curing 
under wet burlap for 3 days the sides were) 
waterproofed and the slabs were then placed 


in the exposure area. | 


Non-air-entrained concrete was cast in| 
molds with metal bases and in molds with 





Rating after freezing ot 
and thawing for— LS 





Admixture 













12 
cycles 


17 39 51 
eycles| cycles} cycles} — 





















Paper 222 ne eee oe 
Membrane A 
Membrane B 
Used crankcase oil__-_- 





1 All slabs made outdoors in July 1952, removed from molds after 3 days, and then stored in exposure area. 
freezing and thawing with CaCl: during the winter of 1952-53 for 17 cycles and the winter of 1953-54 for 34 cycles. 
2 Curing applied after 1}4 hours of placing of slab and if removed, removed after 3 days, 


3 Surface protective treatment applied after 28 days. 


4 Air content of non-air-entrained concrete approximately 2 percent. 
5 Air content of air-entrained concrete approximately 414 percent, 





0 1 iL 2 
eg S 0 1 I 1 
See do i 2 2 2 
Used crankcase oil - -_- 1 1 1 1 
Vinisol resino: 2250 0 ee 0 1 1 14 
EET A One BO eee ee 0 1 1 2.5 
Pe ems, ae a OpSt254. 7 Pao 0 1 2 2 
0 ne 2 24 
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» sand bases. One-half of the specimens 
in each type base were finished in the reg- 
anner by brooming and the other half 
subjected to vacuum finishing using a 


CL) ) Experimental use of oil-solvent treatment 
to control salt scale of concrete pavement, 
Illinois Department of Public Works 
- and Buildings, Division of Highways, 
_ Illinois Highway Research Project No. 
17, Progress Report No. 1, Apr. 1954; 
also Highway Research Abstracts, 
_ duly 1954, vol. 24, No. 7. 


2) | Effect of age of concrete on its resistance to 
x scaling caused by using calcium chloride 
- for ice removal, by W. C. Hansen, 
Journal of the American Concrete 
“Institute, Jan, 1954, vol. 25, No. 5, 
ay 341. 
(3) Salt and phosphate to fight snow problems, 
_ American City, Sept. 1952, vol. 67, 
_ No. 9, p. 108. (Article describes use 
of Banox, a phosphate rust inhibitor.) 


Scarboro test road (a picture), The Maine 
Trail, Aug. 1952, vol. 12, No. 5, p. 20. 
(West lane has air-entrained cement 
and shows hardly a surface blemish; 
_ other three lanes have normal cement 
which is badly scaled and patched. 
| The scaling is due to freezing and 
"thawing and use of salts.) 


Co rol of concrete pavement scaling caused 
OF chloride salts, by B. D. Tallamy, 
Journal of the American Concrete 


a an * - 


Surface treatment 2 


Rating after freezing and thawing for— 

12 cycles 17 cycles 39 cycles 51 eyeles 
ml. 0 1H) Ad eee 7 en oe Se INO Aces <P eae ee. 2 ee se 1 1 8 10 
ee (i Pepa oe a a oe | Ee, ae ee epee 1 4 10 10 
i rr Osea ss ee VACUUINE See = setee ce 1 2 4 6 
i OSE eee ee d| nk Ome ee Fe 1 4 7 10 
neOn ANG e seats so Sewer ce She None l= 2 ee 1 1 9 10 
SS id oa (lo S: 357. SE Be ae COME seer ee ee 1 4 10 10 
LO a COU nes ese: oS VACUUTOEL ea ae eset 1 1 2 4 
a Dlg EE eS eee en ne GOCE Ec ee eee oes 0 1 2 3 
1 Geren copes ae oo INNonés*- =. 1 1 2 4 
pan 2: 6 BEG rhs eee en oe WACHUIH 2 2 au ae eae 0 if 2 2 
oS ops ieee eee IN O00 Btn oe 1 1 2 2 
ee, | (0.08) 2g Sle iti ely VACUtIT Es = 5 oe ee 0 1 1 1 
ED ee (oe sie Lea es Say See ds INGO AE ee See ie 0 1 2 2 
en S| --. Ope ee ee actin oe eee oe 0 1 1 1 
a GAY. 9s: dis ns rae SS Resid AN cryeTsree Meee SAME are 1 1 2 2 
ee) Ve 1G Se eet ee fe, VACUUM ee eee 0 1 1 1 
Ser 5.* }<--2- G0. 8 Aaa ee S INONG ete pee ee eee 1 1 3 3 
me. 0 err (10 eee 2 See ee MACUSER eee 2 ere ee 0 1 1 2 
ON oe CLO Rebate ee ee INOnGrwec eee ste eee 0 1 1 1 
TR a LO eee eee ene WCU e mie oe = Seen 0 0 0 0 


: Sk abs made outdoorsin September 1952, cured with wet burlap for 3 days, and then stored in exposure area. 
sand thawing with CaCl, during the winter of 1952-53 for 17 eycles and the winter of 1953-54 for 34 cycles. 
Vacuum applied to surface of plastic concrete for }4 hour, 


2 21.- Effect %of- ERS Savkaee treatment on resistance of plain and et ontraited 
ner rete to sealing, part 4, cement A molded on bases indicated and exposed outdoors ! 




































Outdoor 


vacuum pad covering the entire surface of the 
concrete. A vacuum of 18 to 25 inches of 
mercury was applied for about 30 minutes. 
The vacuum pad was removed and the speci- 


REFERENCES 


Institute, Mar. 1949, vol. 20, No. 7, 
p. 513; also discussion by L. E. 
Andrews, H. F. Gonnerman, Eivind 
Hognestad, Ira Paul, and A. G. Timms, 
Journal of the American Concrete In- 
stitute, Part II, Dec. 1949, vol. 21, 
No. 4, p. 520-1. 


(6) Requisites and specifications for curing 
concrete, by H. C. Vollmer, Proceed- 
ings of the 23rd Annual Convention 
of the Association of Highway Officials 
of the North Atlantic States, 1947, 
p. 176. (Approximately 100 miles of 
concrete pavements in three New 
England States, constructed with in- 
tegral or surface calcium chloride cur- 
ing, show no scaling after 15 to 20 
years of service even though subjected 
to annual salt treatments for removal 
of ice.) 


(7) Experimental test data in connection with 
the development of chloride resisting 
concrete by the use of treated portland 
cements and blends with natural cement, 
by A. A. Anderson, Proceedings of the 
17th Annual Convention of the Asso- 
ciation of Highway Officials of the 
North Atlantic States, 1941, p. 67; 
also Explosives Engineer, Jan. 1942, 


vol. 20, No. 1, p. 10. 


men given a final trowel finish. The vacuum- 
placed slabs were covered with wet burlap 1 
hour after they were cast and the others were 
covered after 2 hours. 

The concrete cast in molds with metal bases 
and subjected to vacuum treatment had about 
the same resistance to scaling as that placed 
by the conventional methods. One of the two 
vacuum-placed specimens had a little better 
resistance than the other. In the case of the 
non-air-entrained concrete cast in molds with 
sand bases, there was a marked improvement 
in the resistance to scaling of the vacuum- 
placed specimens. It seems likely that the 
metal base mold inhibits the removal of the 
water normally withdrawn by the vacuum 
process. 

The air-entrained concrete specimens for 
vacuum treatment were cast on sand bases. 
The air content varied from 2.6 to over 10 
percent. The lowest air content of 2.6 percent 
for the untreated concrete had a rating of 4 at 
51 cycles while the comparable vacuum- 
treated concrete had a rating of 2. The un- 
treated concrete with an air content of 10+ 
percent had a rating of 1 and the correspond- 
ing treated concrete had a rating of 0. In 
every case the vacuum-placed concrete had a 
slightly greater resistance to the action of cal- 
cium chloride than its untreated counterpart. 


(8) The use of common salt for the removal of 
ice on concrete roads, by A. R. Collins, 
Roads and Road Construction, May 
1940, vol. 18, No. 209, p. 98; also 
Journal of the American Concrete 
Institute, Jan. 1941, vol. 12, No. 3, 
p. 305. 


(9) Pavement scaling successfully checked, by 
O. L. Moore, Engineering News- 
Record, Oct. 1940, vol. 125, p. 471. 


(10) Experimental data in connection with 
chloride salts-resistant concrete pave- 
ment, by C. C. Ahles, Explosives 
Engineer, Sept. 1940, vol. 18, No. 9, 
p. 267. 

(11) Chloride-salts-resistant concrete in pave- 
ments, by Ira Paul, Proceedings of the 
14th Annual Convention of the Asso- 
ciation of Highway Officials of the 
North Atlantic States, 1938, p. 144. 


(12) Effect of calcium and sodium chlorides on 
concrete when used for ice removal, by 
H. F. Gonnerman, A. G. Timms, and 
T. G. Taylor, Journal of the Ameri- 
can Conerete Institute, Nov.—Dec. 
1936, vol. 8, No. 2, p. 107. 

(13) Treatment of icy pavements, by B. C. 
Tiney, Proceedings of the 18th Annual 
Meeting of the Highway Research 
Board, Part I, 19384, vol. 18, p. 330. 
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New Publication 


The Bureau’s Highway Statistics, 1953, the 
ninth of the bulletin series presenting annual 
statistical and analytical tables of general 
interest on the subjects of motor fuel, motor 
vehicles, highway-user taxation, financing of 
highways, and highway mileage is now 
available. 

The 142-page publication may be purchased 
from the Superintendent of Documents, 
Government Printing Office, Washington 25, 
D. C., at $1.00 a copy. The full series of 
the annual bulletins are available from the 
Superintendent of Documents, as indicated 
on the inside back cover of Pustic Roaps. 


Traffic Article Postponed 


The article Trends in Traffic Volumes, 
Vehicle Types, and Weights which has ap- 
peared annually in Pusiic Roaps magazine 
since 1946 will not be included this year. 
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The comprehensive study of highways, be- | 


gun in 1954 in accordance with section 13 of 
the Federal-aid Highway Act of 1954, was 
given preference over the work of reporting 
and analyzing the 1953 traffic trends data. 
The consequent postponement of this work 
has delayed the publishing of the usual 
traffic trends article for this one year. Tabu- 
lar material, which would have been a part of 
the report had it been published, is available 
to subscribers of PusLic Roaps, and a set of 
tables giving 1953 traffic information will be 
furnished upon request. 


Traffic data furnished in conjunction with 
the Section 13 study will undoubtedly result 
in revisions being made in tables now being 
made available for 1953. Furthermore, the 
new information resulting from the Section 
13 study will make it possible to check a 
series of estimates of total rural and urban 
travel. These estimates have not been pub- 
lished since 1948, because the many circum- 
stances affecting travel made it inadvisable 
to publish the information without a sufficient 


Py SO RA Re a AS 
body of current basic data to ‘check the . 
mates of rural and urban travel prepares 
a trend basis. 

The present plan is to publish in Pur 
Roaps the 1953 traffic trends data along Wi 
that for 1954 when it becomes available 
is expected that the consolidated article y 
include an analysis of all rural and > 
travel, similar to that reported in 1948. 


Errata 


The new pamphlet Revisions to the Manu 
on Uniform Traffic Control Devices for Stree 
and Highways, announced in the Februa 
issue of Pusitic Roaps on page 141 andi 
cluded with the list of publications on # 
inside back cover of the magazine, was i 
correctly priced. The correct amount f 
the Manual (including the 1954 revisio, 
supplement) is $1.00 instead of 90 om 
The price of the Revisions pamphlet 2 
is 15 cents. 
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STATE Ree ELRSAEE ENSIGN ant CONSTRUCTION NOT STARTED CONSTRUCTION UNDER WAY, TOTAL 
| 
odie Eee em Md ee Em ee pAb in ee ee ne a mie | 
Kine $15 ,053 $13,116 $7,035 337-5| $2,308 $1,494 9.3 | $43,649] $21,859 665.1} $59,073 $30,388 1,011.9 
Arizona 5,301 7,194 481k 93-7] 1,159 823 25.3 8,360 5,821 139.3| 16,713 11,458] 258.3] 
Arkansas 11,022 10,932 5 996 429,61 1,924 1,122 29,8 | 458 423,51 29,968 6| 862.9 | 
California 8,687 23,260 | 12,881 161.2| 17,301 9,284 38.6 | 117,811] 58,098 80,263] 533.5 || 
Colorado 5 es 7,109 pee 104.4 3,243 62.8 133590 {2738 ae Satece 13668 332.0 | 
f iT : 8 O 9 09 ] 3.0 
Delaware 4,523 389 7.0 6,866 3,793 23.9 9,697 - 5,214 34.9 
Florida aos: 61.6 S 10,345 316.9 Te 26,03 620.5 te 
Phileas _18,615_ 8 25 19 000.0 90 ll 2T.9 | 
Idaho 3,863 61.1 7,506 186.1] 24,002 15,161/ 360.1] 
iiinois 155239 = 116.3 33,817 298.2 esdipel foie 1,092.7 | 
n an = e} Og 8 20 2 90,3 
lone 11,451 10,282 168.9 8,928 654.8 ; 
cone) eg t 3,639 62.7 881.9 
nt y 12,95 (0) 
Louisiana 12,884 6,875 42.7 117.4 
Maine 
Maryland eal, 66 37738 4.5 : 1.57% mae ; 
Massachusetts 16,409 5 ,809 2,894 3,494 1,740 6.4 47,845 | 22,347 38.8 26,981 ‘ 
Michigan 16,755 40,783 21,175 13,915 7,004 193.5 36,977 18,658 228.2 46 ) 
pa Snorees 8,128 030 6,28 8,0 096 Q 659 Oh8 69 8,329 1.9 | 
Mississippi 6,888 15,421 7,521 8,153 4,2k1 217.6 20,284 | 10,436 386.3| 43,858 22,198 LV 
Missouri 14,373 16,767 8,845 13.6] 13,403 7118 89.9 64,519 334285 1,002.9 garcea pe a 1,935.9 | 
Netrosks. 11,593 28,847 15,116 4,907 2,458 100.5 17,273 y 486.2 27,654| 1,703.0 | 
Nevada 10,548 *3,965 3,379 1,706 1,355 22.6 50.7 604) 195. 
= 68 9 8 Q ; 6.9 0 
New Jersey 22,098 5,556 2,471 ; 5,473 2,228 8 27.3 14, Ob ey 
New York 6,769 4,600 | 2,860 2,754 | 1,706 3 6,531 | 160.3 
a 9 6 QO 8 8 640 9g 9 92 .6 60 22 
North Carolina 17,081 19,912 9,922 ol 18,554 531.4 63,685 30,379 
aoe Dakota 8,023 11,736 5,99) 2 271456 272.5 20,130 10,212 
as 8.200 : 2 26 yl E26 ie 117.6 | 101,256 47,850 
Oklahoma ? ? . 10,633 310.3 37,499 
Sg ealenP eats Ps ie lee 
bert dd ere SelK 9 zB 1 166. 
Rhode Island 3,563 14.9 3,624 18.1 
ees eee 2203 Tugt | 259.0 
Wasmes® 0 4 51s 102.3 13,483 3h0.1 
ie ? 
ae 39,078 pes 1,191.3 
= EB de 6,32 2 21.0 
han plese 
Weshingwe | 78h 102886 
West Virginia 12,065 14,020 
ae 14,324 28,195 
Hawaii E 4,031 i 
District of Columbia 5, 1.1) 21,385 10,346 
Vetete ee Se rae 56 UG2 9,0 
TOTAL 663,316 407,151 3,996.5 735,854  |13,956.1 1,300,600 F 
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